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Main Message

— Ultralight DM can be created for minuscular couplings
and still produce observable GW

o NANOGrav GW can be from Melting Domain Walls of DM
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Direct Phase Transition

Early universe spontaneously Broken Phase Avoid too much friction to start rolling
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In the scaling regime (Kibble 1976): one domain wall per Hubble volume:
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Figure 4: The area parameter £ inferred in Eq. @ is obtained from numerical simulations
performed on lattices with the grid numbers N = 512 and N = 1024 starting from vacuum and
thermal initial conditions with and without cutoffs at high momenta. Conformal time 7 and
conformal momentum k are in units of \/_LM and /\n, respectively. The parameter ¢ taking a
constant value reflects that the domain wall network enters the scaling regime. Expectation values

and error bars are obtained from 10 simulations run with different base seed values.

Dankovsky, Babichev, Gorbunov, Ramazanov, Vikman (2024)

Cf. Hiramatsu, Kawasaki, Saikawa (2013)



1074 °
x DWwidth — = | constant tension DW
— T=7
-5
10 ¢ Hubble — <o
— T1=11
10°© =13
=15
& 107
1078
Figueroa, Florio,
-9
10 Torrenti, Valkenburg
-10 9
10 101 100 101 102 103 COsmOEattl ce
k
10~4 Dankovsky, Babichev, Gorbunov,
— T=5 Ramazanov, Vikman (2024)
_5 — T=7
10 — T=9
— t=11 cf.
106 =13
=15 Hiramatsu, Kawasaki, Saikawa (2013)
2 1a-7
c 10 Yang Li, Ligong Bian, Yongtao Jia;
Yang Li, Ligong Bian, Rong-Gen Cai,
108 Jing Shu (2023)
107° 0
cf‘eak =~ CL:7IHQ 'f? x 1.
10-10 p peak
103
2
eak Ody 2
Figure 1: Spectrum of GWs emitted by the domain wall network at radiation domination starting Qp A — X 0
with vacuum (top panel) and thermal (bottom panel) initial conditions defined in Egs. @ and @, W H2 pe ak
respectively. Conformal momenta and conformal times are in units of v/An and \/—LM, respectively. l
The sharp upper cutoff at k.,; = 1 is applied in the case of vacuum initial conditions. The
expectation value 7 is set at 7 = 6 - 1016 GeV. Rescaling to arbitrary 7 is achieved by multiplying M 1 to
the spectra by (1/6-10'% GeV)%. Simulations have been performed on a lattice with a grid number & lng
N = 2048. The positions of diamonds correspond to the comoving Hubble scale k = 2nHa at Domain Walls

the time associated with the corresponding curves, while stars show the inverse domain wall width
1/6w, i.e., k = 2ma/dy.
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More on f* in IR

Dimensional analysis
supported by simulation Q
for constant tension
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NANOGgrav
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The 100-meter Green Bank Telescope, the world's largest fully steerable telescope and a core instrument
for pulsar timing array experiment.

parameters g = 10718, f=1/g*=1. N=24. g. =75
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Inverse Phase Transition At Meltdown
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Late Universe
DW melt down and disappear

then oscillations around restored symmetric vacuum

Early Universe
spontaneously Broken Phase with VEV slowly moving
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Dynamics only depends on
one single free dimensionless parameter
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Allowed Parameter Space
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DM from the inverse phase transition
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